INTRODUCTION
According to the International Association for the Study of Pain (IASP), pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage. It is always subjective once it is an emotional experience related to injuries in early life. Pain may follow either acute or chronic course 1 . Iadarola and Caudle 2 , stated that the acute pain, classified as "good" pain, has an important protective function for the organism. When this pain turns to chronic it is considered "bad pain" since no longer has the protective effect. Patients who suffer with chronic pain usually have an altered function of the central nervous system (CNS) that happens as result of persistent pathology or neuroplasticity changes 3 . Therefore, chronic pain is considered as a disease itself. According to IASP, it is the pain that persists past the healing phase following an injury. Chronic pain is associated with emotional and behavioral changes of the individual that suffers with it. Therefore, in order to have a better outcome, pain physicians should include the management of these aspects during chronic pain treatment. Long-term conditions, such as chronic pain, result in psychological morbidity and impaired quality of life 4 . Pain modulation is part of the normal function of CNS, where the pain signal can be enhanced, inhibited or may remain the same at the brainstem level. When persistent nociceptive facilitation exceeds the inhibitory capacity, neuroplastic changes can occur peripherally or centrally and are known as peripheral sensitization and central sensitization, respectively 5 . CNS alterations, such as central sensitization and impaired descending modulatory mechanisms, contribute to the difficulties in chronic pain management. Several studies have shown the importance of biopsychosocial management strategies, including pharmacological and non-pharmacological therapies, to reduce pain and improve function in orofacial pain patients 6 . However, there is a lack of real breakthrough innovation in the field of pain management over the past years 7 . According to Turk, Wilson and Cahana 7 , although there are massive efforts coming from basic science and clinical research to improve pain management, it remains a clinical challenge. Exercise to reduce pain has been reported in the literature since the early 1980s [8] [9] [10] [11] [12] [13] [14] and the effect of physical activity on pain perception is commonly termed as exercise-induced hypoalgesia (EIH) 8 . It has been shown that aerobic exercise may increase or optimize the levels of several neurotransmitters such as serotonin, dopamine, acetylcholine and norepinephrine. Indeed, it activates the endocannabinoid and endogenous opioid systems 15, 16 . Conditioned pain modulation (CPM) is another potential factor that could influence EIH, especially given that exercise is sometimes perceived to be painful, especially isometric exercise. With CPM, pain from a noxious stimulus (conditioning stimulus, i.e., exercise) results in the inhibition of pain during the application of a second noxious stimulus (test stimulus) applied elsewhere (i.e., ''pain inhibits pain''). The noxious conditioning stimulus activates descending inhibitory pathways, resulting in inhibition of extra-segmental spinal and trigeminal wide dynamic range neurons, thereby decreasing pain associated with the test stimulus 17 . The involvement of pain modulation during aerobic exercise leads to the common use of this modality as part of rehabilitation programs for patients with chronic pain, including fibromyalgia, chronic neck pain, osteoarthritis, rheumatoid arthritis, and chronic low back pain 15, 16 . The purpose of this review article is to discuss the use of aerobic exercise and EIH as part of the management of chronic pain. Comprehensive searches at Pubmed, Medline, Web of Science and Scopus websites were undertaken using the key-words physical exercise, aerobic exercise, exercise-induced hypoalgesia, exercise-induced analgesia and orofacial pain/chronic orofacial pain.
EXERCISE IN MANAGEMENT OF CHRONIC PAIN
Pain information in the CNS is controlled by ascending and descending inhibitory systems using endogenous substances (neurotransmitters) as inhibitory mediators. As the nociceptive signal stimulates higher brainstem centers, it is modulated by inhibitory pathways that send signals downstream reducing the strength of the pain signal or if not completely eliminating it 18 . Nowadays, aerobic exercise is part of the non-pharmacological approach in patients with chronic musculoskeletal orofacial pain 19 . Aerobic exercise programs reduce pain, fatigue and depression, and improve peak oxygen uptake, health-related quality of life and physical fitness in patients with fibromyalgia 20, 21 . In chronic low back pain, aerobic endurance exercises are also commonly used and have been shown to reduce pain perception 22 . Even for migraine, exercise can improve pharmacological treatment. A recent study evaluated the association of amitriptyline and aerobic exercise for the treatment of sixty patients diagnosed with chronic migraine. In the aerobic exercise program patients were instructed to perform a 40 minutes fast walk outdoors with a frequency of 3 times/week for 12 consecutive weeks. The combination of amitriptyline and aerobic exercise was associated with an even greater reduction in the frequency, duration and intensity of headache 23 . Studies have shown EIH (increased pain thresholds) after aerobic exercise for both mechanical 22, 24, 25 and thermal stimuli 26 and generalized increase of pressure pain thresholds following isometric muscle contraction 24, 27 . Koltyn 13 published a review article about analgesia following exercise describing the effect in animals and humans. According to the author, studies of exercise and analgesia started when researches observed that dancers and athletes could continue strenuous exercise in face of severe injuries, and later reported that they felt no pain. It has contributed to the notion that exercise can alter pain perception. Animal studies have shown the phenomenon of analgesia following exercise and the involvement of the endogenous opioid system. In the above-mentioned review, Koltyn observed that most researches investigated whether EIH is mediated by endogenous opioid mechanisms. According to the author, it appears from animal research that multiple analgesia systems exist (opioid and non-opioid) and that properties of the exercise stressor are important in determining which system is activated during exercise 13, 28 . Blood pressure, cardiovascular system, CPM and endocannabinoid system are being studied as possible additional mechanisms involved with the EIH phenomenon 29 .
Ellingson et al. 30 performed a study with sixteen healthy females to investigate the role of CPM as potential EIH mechanism. Volunteers completed a pain testing during three sessions: painful exercise, non-painful exercise, and quiet rest. Intensity and unpleasantness ratings to noxious heat stimuli were assessed at baseline, during and following each session. Results showed that the analgesic response was greater following painful exercise as compared to non-painful exercise in females. They concluded that EIH might involve the triggering of CPM via exercise-induced muscle pain. The greater the exercise-induced leg muscle pain, the greater the analgesic effect. Vaegter, Handberg and Graven-Nielsen 31 , performed a recent study, aiming at comparing CPM and EIH in chronic musculoskeletal pain patients with high widespread pain sensitivity as compared to low widespread pain sensitivity. Results of their study showed that even though groups had similar age, gender distribution, duration of pain, number of pain sites, clinical pain intensity and mood, CPM and EIH responses were partly impaired in patients with high pain sensitivity. At baseline, temporal summation of pain was more pronounced in patients with high pain sensitivity and it was further facilitated after aerobic exercise. Furthermore, CPM response was predicted by clinical peak pain intensity, which highlights the importance of ongoing pain in the process of pain inhibition. EIH response after aerobic exercise was predicted by CPM response after cold pressure test. Galdino et al. 32 performed a study with Wistar rats in which systemic and central pretreatment with CB1 and CB2 cannabinoid receptor antagonists (AM251 and AM630) blocked the antinociception induced by an aerobic exercise protocol in both mechanical and thermal nociceptive tests, at peripheral and central levels. Galdino's study has shown that the endocannabinoid system is involved in exercise-induced antinociception, similar to other analgesic systems. Further studies need to be performed looking at blocking both systems, opioid and endocannabinoid, simultaneously, to observe the specific role of each one in EIH. Other studies observed dopamine and norepinephrine increase during exercise 33, 34 . Increased concentration of dopamine after exercise may simply be associated with stress produced by activity 35 . It is well known that stress activates different intrinsic pain inhibitory mechanisms, leading to hypoalgesia in humans and antinociception in rodents, a phenomenon referred to as stress-induced hypoalgesia/antinociception (SIA). Depending on the nature of stressors, different pain inhibitory mechanisms can be activated. In general, less severe stressors are thought to activate the endogenous opioid system and elicit the opioid-mediated form of stress-induced hypoalgesia 36, 37 . Since exercise can be a stressor itself, both phenomena, EIH and SIA, could be contributing for the hypoalgesia following exercise, especially in healthy individuals.
DISCUSSION
Exercise type and dosage to best manage pain are not clear and may vary according to specific pain condition and patient tolerance. The magnitude and duration of exercise analgesia vary among studies. Although O'Connor and Cook 14 stated in their review article that the effect of exercise in reducing pain appears to be most reliable following high intensity exercise and when the noxious stimulus is presented shortly after exercise, there has not been a systematic investigation of the duration and intensity of aerobic exercise that are necessary to produce an acute analgesic effect. High-intensity exercise performed for a short duration may produce hypoalgesia, but so may moderate-intensity exercise performed for a longer period. Hoffman et al. 38 and Koltyn et al. 39 studied pain perception after exercise in healthy volunteers. Authors found that EIH was transient and lasted at least 15 minutes after aerobic exercise. Study results 38 showed an analgesic effect 5 minutes after exercise, but the effect was not significant 30 minutes after aerobic exercise. Recently, Bement and Sluka 40 observed that moderate-intensity activity, such as walking, induces analgesia by opioid action in rats. A study conducted in humans concluded that exercise should exceed 50% of VO2 max (maximum volume of oxygen) and last more than 10 minutes 41 . For the same intensity and duration of exercise, those who regularly practice physical activity release exponentially more endorphins than sedentary individuals 42 . Increased frequency, duration, and intensity of exercise are associated with less chronic pain according to Landmark et al. For individuals aging 20-64 years, the prevalence of chronic pain is 10-12% lower for those who exercise 1-3 times a week for at least 30 minutes or of moderate intensity, comparing to those who do not exercise. Depending on the load of exercise, the prevalence of chronic pain is 21-38% lower among older females who exercised comparing to those not exercising 43 . Aerobic exercise in healthy individuals, such as running and cycling, has been examined most often, and a number of investigators have reported changes in pain perception during, as well as, following exercise. Walking can be recommended as an effective form of activity for individuals with chronic musculoskeletal pain but should be supplemented with strategies aimed at maintaining participation 44 . It is unclear whether individuals with chronic pain would experience similar results with exercise as healthy young adults. Results from studies examining EIH in individuals with chronic pain are currently equivocal, with EIH occurring in some chronic pain conditions (e.g, osteoarthritis, rheumatoid arthritis) but not consistently in others (e.g. fibromyalgia, temporomandibular disorders, painful diabetic neuropathy) 45 . The dysfunctional (aerobic exercise activating pain facilitation rather than inhibition) endogenous analgesia during aerobic exercise is not a characteristic for all chronic pain patients, but limited to those with an evidence of central sensitization (e.g. chronic whiplash, fibromyalgia, chronic fatigue syndrome) 46 . The potential application of aerobic exercise as a form of pain management requires a comprehensive understanding of the intensity thresholds required to promote EIH. According to Naugle et al. 47 not all individuals are willing or capable of engaging in high-intensity aerobic exercise. The authors confirm that moderate intensity aerobic exercise is likely insufficient to elicit EIH on healthy adults. However, they provided evidence that vigorous and moderate aerobic exercise reduce pain perception, with vigorous exercise producing better effects.
CONCLUSION
Exercise does not need to be of high-intensity or submaximal intensity to have an effect on pain management. The amount of studies performed in the past years have shown that aerobic exercise of moderate intensity, performed for more than 10 minutes can activate the endogenous mechanisms of pain control and pain modulation. Although there is evidence that some groups of chronic pain patients may have the capacity to exercise at intensities and durations that appear to be required to elicit EIH in healthy subjects, the exercise tolerance of other unhealthy populations requires study. Additional research is needed to clarify and expand the understanding of the mechanisms responsible for EIH and how it can be used in chronic pain conditions such as chronic orofacial pain.
